The limitations of the paraffin section in the diagnosis of disorders of the reticulo-endothelial system are well known. The reasons are obvious; the cells involved are derived from those which take part in inflammation, so that there is always a problem as to where inflammation ends and neoplasia begins. When a decision is made that a process is malignant, there is the further problem of classification. The pathologist, in such cases, is dealing with a continuous series involving more than one type of cell. Attempts are regularly made in every civilized country to segregate malignant entities of this class. They always fail, and few if any classifications have ever been used by anyone except the author, who is always unable to define precisely the cells of which he is writing or to give a list of synonyms.
Since experience discloses these limitations and since each expert, while assured of his own virtuosity, is unable to name another who is completely reliable, it is reasonable to seek another approach, namely, the study of living cells. The number of variables in the case of fixed and stained tissues are few, although the development of histochemistry and the study of impression smears certainly add to them: the size, shape, and intensity of staining of the nucleus and cytoplasm and the general architecture and nature of supporting structures are examples. The variables in the case of living cells are more numerous and quite different. They include motility and the type of motility; adhesion of cells to each other and to glass; the number and nature of organoids; the refractive index of the nucleus and cytoplasm; the presence or absence of phagocytosis; the speed of autolysis of cells in salt mixtures, and its nature, e.g., by nuclear vacuolation; the reaction of cells to noxious agents; the chromosome pattern; the colonial form of associated cells; the production of fibrinolysis, collagenase, and other identifiable metabolites; the behaviour on prolonged culture. There are many others but none of those listed can be established in sections.
One word of caution is necessary. From all human tissue fibroblasts can readily be grown; they are the weeds in the tissue culturist's garden. The most 'Foundation Lecture read before the Association of Clinical Pathologists in October 1964. cursory study of the literature shows that many who have attempted to grow human tumours have grown only fibroblasts. Some recognize this but publish results on the grounds that at least they come from malignant tissue, and indeed cells known as 'fibroblasts' vary greatly. Others fall into the trap of believing that they have isolated the essential malignant cell.
All taxonomy depends on the identification of variables; to establish identity, as in the case, for example, of utilizing a key to mosquitoes, it is necessary to prove that at least one variable is recognized which is uniquely present in the material classified. Finger prints have much in common but the establishment of five variables can convict a suspect; and the presence of one variable in the red cells of an infant may exclude a putative father.
However, all methods of investigation produce their own variables, inherent in the method, not in the material; in histology, these include fixation, processing, and staining. In the study of the living cell the method of collection, the nature of the suspending fluid, the structure of the chamber, and, especially, the time elapsing between explantation and examination are all variables which grossly modify appearances. In both disciplines, individual experience and aptitude introduce personal factors; indeed there is room for suspicion that in all microscopy of 'difficult' specimens fatigue and the hypnotic influence of the brightly illuminated microscope field have much to do with the final opinion. But it can be claimed that in histology variables tend to be quantitative, e.g., the size of the nucleus; in the study of living cells they are qualitative, e.g., motility.
In this communication the words 'tissue culture' appear, but in fact the examinations have much more in common with exfoliative cytology than with the work of Carrel. The problem is not how to culture cells so that they can be subcultured even once but to devise methods so that living cells may be examined over a period rarely longer than 48 hours and often only for an hour.
It is with these considerations in mind that we may approach the study of malignant neoplasms in the Nigerian child. The publication in 1958 by Burkitt first drew attention to the common appearance in 261 (Edington and Maclean, 1964) , and particular mention must be made of the detailed and highly significant work of Wright (1963) in Uganda.
The pathology was first studied by O'Conor and Davies (1960) and their findings have been widely confirmed, namely, that the tumour is a type of lymphosarcoma and that frequently phagocytic histiocytes are present which produces a 'starry sky' appearance not, however, confined to this condition. At this point agreement ceases. Some hold that by histological examination, and by the study of impression smears a distinct entity can be established; others that it is a familiar tumour of childhood qualified by its enormously greater frequency of occurrence in Africa. In part because of this difference of opinion the eponym 'Burkitt's tumour' has been often used. Some object because eponyms imply a new and distinct disorder, which has not been proved or disproved; on the other hand all eponyms commemorate an original authority and usually confess ignorance of aetiology and difficulty for the time being in classification.
In fact how common the tumour is outside Africa is quite uncertain. Many agree with ten Seldam (1964) that it is found in New Guinea. Since it was generally overlooked even in Africa before Burkitt, it can be stated without qualification that its recognition depends in part on whether or not doctors know of its existence, and agree on criteria for its recognition, and altogether on whether there are any doctors. In Nigeria there is one doctor for every 50,000 inhabitants; there are many large areas without any doctors, and more still without the radiological and laboratory facilities essential for precise classification. In these circumstances it is easy to get lost in a wilderness of semantics and in futile affirmations of identity and priority. The purpose of the investigation described here was simple; if experienced clinicians, histologists, morbid anatomists, and radiologists agree that a given case falls in a category defined by Burkitt (1958) Russell and Bland (1933) and later by Lumsden (1963) to study neoplasms of the brain. There is indeed an extensive literature on its use in the classification of disorders of the haemopoietic and reticulo-endothelial systems and of many neoplasms.
A background for the study of Burkitt's tumour was available in the study of human pathological tissue at Westminster Hospital, London (Pulvertaft, 1959 The nucleus contains little phase-positive material, in marked contrast to lymphocytes. It is often indented or trefoil in outline. When grown on the agar roller slides, a minority of cells survive for a few days but motility is not seen. Mitosis is common, and binucleated forms frequent.
When the cells die they often show nuclear cysts, as do dying lymphocytes (Fig. 4) . When grown on collagen the cells immediately adhere and although the majority remain motionless an occasional cell becomes very slowly motile, shaped like a spermatozoon, moving nucleus forward (Fig. 6) . In nearly all cases the cells slowly die, and after a few weeks none are left alive. Sometimes the cells appear to be intracellular and divide inside investing cells.
In two cases cell lines were isolated, one of which is still active after 15 months (Fig. 7) (Figs. 11 and 12) , produced following transformation of human lymphocytes by phytohaemagglutinin (Pulvertaft, 1964) .
The history of the transformation of lymphocytes by seed extracts is interesting. Agglutination of red cells was noted as long ago as 1888 by Stillmark using castor oil seeds, which by coincidence are called beans, although the plant is a Euphorbia. The widespread incidence of this property was found in leguminous seeds by Boyd and Reguera (1949) . Such extracts were used by Rigas and Osgood (1955) to rid blood and bone marrow cultures of red cells, their property of stimulating lymphocytes not being known. Among those who recognized this property were Elves, Roath, and Israels (1963) , and Barkhan and Ballas (1963) earlier separated the agglutinating and transforming factors.
In an unpublished time-lapse film, with J. G. Humble (1963) tumour is common in Africa and has probably been common since time immemorial, as wooden masks are found showing the typical proptosis and facial deformity (Fig. 13) . Its rarity elsewhere is difficult to explain on any hypothesis.
However, the close resemblance of the Burkitt cell to the transformed lymphocyte suggests that among the factors operative might be diet and infection. Although beans are the staple diet in Nigeria, they are eaten everywhere and the association is unlikely though not impossible. Infection is a far more important possibility. In Nigeria malaria is holo-endemic, and all bone marrow cultures show malarial pigment (Fig. 14) ; enteric fever, tuberculosis, dysentery, both bacterial and amoebic, entero and arbor viruses are exceedingly common. Helminthiasis is universal. From all these conditions and from malnutrition, due to ignorance and not usually to shortage of food, nearly half of the Nigerian children born are dead before the age of 5 years. After this a sturdy and general immunity develops and the adolescent comes to terms with practically the whole repertoire of infectious disorders.
It is not surprising that most workers with firsthand knowledge of Burkitt's tumour have noticed its possible association with infection. It was suggested to me by Professor G. M. Edington and has been commented upon by Metcalf (1962) and by Dalldorf, Linsell, Barnhart, and Martyn (1964) in a paper entitled 'An epidemiological approach to the lymphomas of African children and Burkitt's sarcoma of the jaws'. In this the question is asked, 'May it be possible that an effect of chronic malarial infection of the reticulo-endothelial system has been a different response with the aetiological agent or agents of lymphomas in tropical climates?' An interesting corollary to this suggestion is the peculiar disorder known as 'big spleen disease' which is not infrequent in Nigeria and has been studied by Watson-Williams (1964 Shieham (1964) , who recently made an intensive study of the subject, periodontal disease is practically universal among Nigerian children, although caries is rare.
The histology of the gums shows lymphocytic infiltration. The stimulus to lymphocytic transformation may be greatest where chronic inflammation is present.
Burkitt's tumour is, however, not the only one which presents in the jaws. Retinoblastoma occurs with the same frequency as in England, and seven cases have been cultured. It often presents difficulties in differential diagnosis, although it appears as a rule in a younger age group, and since rosettes are rarely seen, it may be confused in sections with Burkitt's tumour. In culture it invariably grows in branching chains (Fig. 15 ) and the cells adhere to glass, affording an unequivocal diagnosis. Neuroblastoma is, again, not uncommon, and is confused both clinically and in sections. The appearances in cultures are unique; the faceted cells are adherent to each other and to glass (Fig. 16) , and grown on collagen show the typical fine processes (Fig. 17) described by Murray and Stout (1940) . Adamantinoma occurs in adults, and in Nigeria often grows to a great size. There is no difficulty in clinical diagnosis. The epithelial cells can be dispersed by collagenase (Fig. 18 ) but up to the present have survived poorly. The stellate connective tissue cells survive very well.
Fibrous displasia occurs in the mandible, and both osteoclasts (Fig. 19) and connective tissue cells are readily cultured following dispersal with collagenase. Inflammatory conditions, especially in the maxilla, present clinical problems but on tissue culture the familiar pattern, a mosaic of inflammatory cells, easily excludes Burkitt's tumour.
Leukaemia with orbital involvement was once seen (Fig. 20) . At necropsy one deposit was green but it was not a typical chloroma. The bone marrow showed exclusively motile and glassadherent cells (Fig. 21) . I would classify them as myeloblasts.
It is significant that the bony lesions of Burkitt's tumour, which are so common, are never continuous as in leukaemia but occur in separate non-confluent areas. This has suggested to many, and to me, a multifocal origin. In this the condition is reminiscent of multiple myelomatosis, which was seen on many occasions. The malignant cells are quite different in culture from plasma cells (Fig. 22) where the mitochondria are fine and always arranged so as to leave a bare area near the nucleus, the 'juxta nuclear halo' of haematologists, and they are not motile. In myelomatosis the cells are much larger and motile. Their outstanding features are the very thick stubby mitochondria (Fig. 23) .
Wilm's tumour has been commonly seen, but has presented neither clinical nor histological problems. It is readily grown in tissue culture.
In conclusion, there are two points which I wish to stress. A popular view is that this is an arthropodspread virus tumour. The view expressed here, which does not exclude the virus factor, is that overstimulation of the lymphopoietic system by multiple infection, and possibly the dietetic factor involved by the use of beans as a source of protein, must be seriously considered. From the point of view of prophylaxis, advances in hygiene, and particularly in malaria control and mosquito elimination, might be equally efficacious whether viruses alone or viruses in conjunction with infection, are involved.
The second point is more important. Malignant disease, in Africa as everywhere else, is an unsolved problem. So far as public health expenditure is concerned, it comes low on the list of priorities. The spread of instruction on hygiene, the control of malnutrition due to ignorance, and of malaria and all other protozoal, viral, and helminthic disorders, are far more important. The disease is a terrible one, killing within six months from the onset, with gross facial deformity and extreme discomfort. But there are other problems whose solution is both more important and more certain.
The importance of the study of malignant diseases in Africa is not in relation to the interests of Africans but of all humanity. Malignancy presents in Africa in a different manner from elsewhere, some types excessively rare elsewhere being there common, others, such as the rodent ulcer and bronchogenic cancer, are either unknown or very rare.
Sir Thomas Browne has said that Nature discloses her secrets most readily when she manifests herself in an exceptional way. It is for this reason that studies far more intensive than have hitherto been possible are urgently required. Research workers might far more profitably spend their time in tropical areas in Africa than in the thrice ploughed fields of temperate climates.
I have been impressed very deeply by the scientific and technical qualities of Nigerian graduates. In time I have no doubt whatever that they will establish and develop centres where all these problems will be studied with every possible degree of expertise. But I am sure that few investments are more likely to yield a return in the laboratory field, in the meantime, than in tropical medicine. Only the surface has been scratched; there are still rich seams to be mined. Lewis and Lewis (1911 
USE OF CHAMBER
The culture medium is warmed to 37°C. and the agar is melted and cooled to 50°C. With a hot pipette, 1 part of melted agar is added to 2 parts of culture medium and rapidly mixed, avoiding formation of bubbles. The culture chamber is filled with the molten agar and a large glass slide is then applied to flatten the agar. A very thin film of agar now remains between the glass slide and perspex surface, and when this is later removed the level of the agar in the central container is slightly above that of the perspex. The chamber is now placed in a refrigerator until the agar is set.
APPLICATION OF MATERIAL FOR STUDY
Bone marrow is collected in heparinized medium and allowed to stand in a small Petri dish for 15 minutes. In most cases marrow particles rise to the surface and are collected in a pipette and washed in fresh medium. The particles are later placed on the prepared agar surface. If there are no particles, the bone marrow sample is centrifuged in a Wintrobe tube and the buffy coat is used for inoculation. This is usually less satisfactory.
Other material must be treated secundum artem, and treatment will depend upon the nature of the material. For Failure to obtain good results is most often due to the fact that there is too much space between the agar and the cover slip.
After removal of surplus silicone the cover slip is sealed down with beeswax. Paraffin must not be used.
SEALING OF LATERAL APERTURES These must be sealed with Parafilm over-sealed with beeswax. The seals must be applied before adding the agar as otherwise they will be blocked. INCUBATION The preparations must be kept with the cover slip downwards for at least five hours, after which they can be examined under the microscope in the hot box. After 18 hours culture medium is added to fill half the trough, and the lateral apertures are again sealed.
The best results are now obtained by fixing the culture chamber in a vertical position and rotating it once every three minutes while the preparation is not being examined. The culture medium is replaced daily with warm medium.
Bone marrow cells usually retain their original morphology and relative numbers for 48 hours, after which both characteristics change, especially with regard to relative numbers of cell types.
It is not possible to generalize about other cell behaviour. Certain material may be in cultured form as long as two months. Lymph node material has only a short life.
RING CHAMBERS
These are made of any suitable plastic material, e.g., Klingarite (Klingers, Chislehurst, Kent). The diameter is 3 cm. and the depth 3 mm. The ring is fixed to a microscope slide with high vacuum, silicone greased and filled with a cellular suspension of approximately 200,000 cells per ml. The cover slip is then applied to the ring surface covered with silicone grease. It is important to avoid bubbles. The chamber is incubated cover slip downwards, but if the cells are not glass adherent the cells must be examined in an inverted microscope.
COLLAGEN-COATED COVER SLIPS
Collagen solution is prepared from the tendons of rats' tails, essentially by the technique of Ehrman and Gey. Take two large rats, cut off the tails, remove skin and fracture the tails in six places with pliers. Remove the four tendons with their sheaths and cut up finely with scissors.
Add 0-1 ml. of glacial acetic acid to 150 ml. of conductivity water and leave stoppered at 4°C. for 48 hours, with frequent agitation. Centrifuge strongly and pour supernatant into dialysing sacks. Dialyse for 48 hours.
The fluid should now be quite viscid. If it is not, it is no use. At this stage add Neomycin and Nystatin as collagen is very readily contaminated.
To the cover slip mounted on a ring is added 0 75 ml. of collagen solution, making sure that the whole surface is covered. It is then placed overnight in a desiccator in an atmosphere of ammonia vapour. The next morning there should be a firm gel covering the cover slip.
The chambers are now placed in a desiccator until quite dry when a very thin film of collagen will be found to cover the glass. The ring is now filled with culture medium and the microscope slide applied. The gel reforms and the containers can be kept indefinitely at 4°C. FOR USE The medium, which will be strongly alkaline, is discarded and either tissue fragments or cell suspensions can be cultured. All live cells adhere to collagen. Many tumours produce collagenase, but as a rule only after several weeks' incubation. 
